THE object of this paper is, first, to reply to the criticism of my work by Professor Bayliss; 1 and, second, to call attention to some recent experiments in their relation to electro-physiological research.
Professor Bayliss says:
(1) "The currents led off from various parts of the body by metallic electrodes were due to the inequality of the electrodes and to differences in the activity of the skin glands.
(2) "Neither static charges nor induction played a part in the phenomena.
(3) " ' Nerve-leaks ' were merely places at which the skin was moist." We will take these statements seriatim. I will first ask you to note that I claim that as expressed in electrical terms the average electro-motive force of a healthy person is rather under than over 5 millivolts, and the current about the tenth of a micro-ampere. I have here a pair of electrodes used to determine, in my way, the electro-motive force and sign of a patient prior to going I Proc. Roy. Soc. Med., 1917, x (Sect. Electr.) , p. 95. F-2 over the body with other electrodes. Thev are made of German silver, to obtain a low co-efficient of increase of resistance with rise of temperature, and are heavily plated with chemically pure silver. They are of exactly the same surface area and weight, and remaining in the bath the same time, and therefore receiving an equal deposit, are presumably as near perfection as metallic electrodes can be. Moreover, they are not kept in contact with the skin for a sufficient time for electrolysis to take place in the presence of a current of 01 microampere. Assume, however, that it does take place, or may do so, and I will give you three tests which will conclusively disprove it:-
(1) Let one electrode be connected by means. of a flexible insulated wire to the right and the other to the left terminal of a sufficiently sensitive galvanometer, and let the patient, after being earthed, take one electrodb in each hand without exercising any pressure.
The resultant deflection is, we will say, 300 mm. positive. It follows, therefore, according to Professor Bayliss, that the right-hand electrode is electrically positive to the left-hand one, and that so long as the connexions upon the galvanometer are not altered it must so remain. If, however, the hands are crossed and the electrodes changed the resultant sign will always be qzegative; there will in fact be a reversal of sign.
(2) In each hand the four fingers and the thumb are of opposite polarity ; some carrying a greater quantity of current. Place one electrode between the first and second, and the other between the third and fourth fingers of the same hand, leaving the thumb free. If the hand is not-wet, and for that reason the leakage from the thumb is negligible, there will not be any deflection. If, however, first one and then the other electrode is touched by the thumb there will be an immediate and constant deflection of different sign. Here in both cases there would appear to be a circuit between skin and metal through the galvanometer to skin and metal, but a true circuit is not established until by contact of the thumb with an electrode a potential difference is brought about.
(3) For the third proof I cannot select anything better than that given by Dr. Longridge's two cases.' One was of paralysis of the median nerve below the seat of an injury in the left forearm. Upon galvanometric examination he obtained no deflection from the thumb or first or second fingers, but after resecting 4 in. of the nerve, which Brit. Med. Journ., 1916, i, p. 717; cf. Lancet, 1917, i, p. 62. was densely fibrosed, and joining the ends, he obtained deflections of 5, 55 and 120 mm. respectively. The second case was a division of an ulnar nerve, and the deflections in this instance were the exact complement of those I have given.
The second statement made by Professor Bayliss was to the effect that neither static charges nor induction play any part in the phenomena.
As a matter of fact the humnan body is so sensitive tQ induction that if an electrical current left it as quickly as it entered it-if it were not in fact for inductive embarrassment-a human being, when in the circuit of a sensitive galvanometer could be used as a receiving instrument in wireless telegraphy.
As regards the average electrostatic capacity of man under normal conditions of exterior insulation, it may safely be put at between 3 and 4 mfd. Whether the body is also sensitive to induction is easily determined. If a person is placed in contact with a dead earth of low resistance for at least five minutes before testing, the sign of current will always be peculiar to that person, and may be verified any number of times during a course of years. The E.M.F. may vary in accordance with the degree of fatigue or state of health, but the sign never. Let that person, however, go within a quarter of a mile of the District Railway or a Tube, or within 100 yards of an electrified tram line and, if he is tested again, without previous earthing, neither the sign nor the E.M.F. will be normal.
The third point: "'Nerve-leaks' are merely places at which the skin is moist." This is not so. In neurasthenia the hands are usually moist. The characteristic deflection of neurasthenia, as shown by the hand to hand method, is feeble excursion combined with fluctuation of sign: 30 or 40 mm., varying from one side of zero to the other, from negative to positive, and vice versa. In anmemia there is always a small but constant deflection. In shell shock, so far as I have observed it, the hands are wet and the deflection small, but in all cases of acute local pyrexia with a dry, hot skin, there is a rapid off-scale deflection, and the rapidity is in accordance with the degree of local temperature.
[The author then dealt with the use of paraffin in the treatment of local pyrexia, and the difference between the oil bearing his name and that ordinarily sold as medicinal paraffin. He stated that a rock oil of the paraffin series was necessary if his theory concerning its mode of action was correct. If it were exposed to sunlight or ultra-violet rays there was a distinct falling off in the therapeutic value of the rock oil, although no difference in resistance could be detected by a galvanometric test. He had devised an apparatus for the further treatment of the oil, and since that time there had been no failures which could not be attributed to faulty diagnosis.] My next point concerns the penetration of the hydro-carbon oil I have selected as being most suitable for the purpose. Take two cases: one, say, a slight bronchial affection with no appreciable rise of temperature, and the other, of acute lobar pneumonia with a temperature of 1050 F. or so. Apply the dielectric to both in the form of a pad of plain absorbent cotton wool soaked in the oil, covering with oilskin, and watch the result. In the first case the pad may remain wet for a week; in the second case it will be nearly dry in a few hours. I have long held that certain phenomena-e.g., the currents exhibited by animal and vegetable skins, mucous membranes, &c.-were due to air-charge and that the different deflections could be accounted for by the varying relative inductive capacity of some portion of the substance of such skins, &c., in the presence of moisture. In order to resolve this question an apparatus was made by passing two insulated flexible wires, terminating in two steel needles, through the bed-plate of an air pump and arranging the connexions so that the electrodes could be earthed in air or in vacuo by moving a switch, and galvanometric readings taken, both in air and in vacuo, without disturbing the object under examination. As the assistance of a physiologist of standing was not available, the experiments were confined to vegetable physiology as being a more familiar subject. Numerous tests were made, first with a view to ascertaining the influence upon the readings of polarization. This was found to be a negligible factor. It will be sufficient to relate two results which have been checked and rechecked:-
The first experiment was with an onion, which has an E.M.F.
of '0v86 volt, and upon inserting one needle in the foliage end and the other in the root a full initial deflection was obtained, in air, of 2,750 mm. At the end of three weeks of short-circuiting it was still 2,250 mm.; the fall of 500 mm. being possibly due to polarization. The needles were inserted in a similar onion in exactly the same manner and a deflection of 2,750 mm. again obtained. It was then earthed in vacuo fow twenty-five minutes, at the end of which time it gave no deflection at all. Earthed in air for the same length of time the deflection fell only 295 mm.
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The second experiment was with an apple longitudinally divided. One half was tested in air and gave a deflection of 3,080 mm. It was then earthed in vacuo for forty-five minutes and upon the galvanometer being switched into circuit the deflection had fallen to 275 mm.; a loss of 2,805. The same half was then allowed to rest in the open air until it had regained its initial E.M.F. It was then again earthed for forty-five minutes in air and tested in air. It did not lose a millimetre, but registered at the conclusion of the experiment 3,080 min. as before.
Similar results were obtained with leaves; laurels yielding up their electrification after ten minutes earth in vacuo, hydrangeas in from fifteen to twenty minutes, and so on, and if these results can be verified by experiments with animal tissues, it is more than probable that some accepted theories will have to be very seriously reconsidered.
DISCUSSION.
Professor W. M. B*YLISS, F.R.S. (communication by letter): I would emphasize the fact that the electrical conductors in the body are electrolytes in solution in water, not "metallic wires." The water itself has so high a resistance as to be practically a non-conductor for the very low electromotive forces available. Any satisfactory theory must be based on this fact of ionic, not electronic, conduction. Further, I may recall the recent work of Dr. Waller, showing that " nerve-leaks" of varied kind can be demonstrated in normal persons in response to emotional disturbances. There is also the work of Forbes and Wells in the United States, in addition to the older work of Tarchanov, to which I referred on the previous occasion, all showing the. same fact.
Dr. HERNAMAN JOHNSON: I have used a d'Arsonval pattern galvanometer; the scale and electrodes were of the type recommended by Mr. Baines..
(1) " Hand to hand " deflexions were first tested. Reversals occurred in more than half the cases tested. It was noted, however, that uneven pressurewas capable of altering the sign, especially when either thumb jammed tightly into the thumb-piece. The instrument was obtained in the hope that it might aid in diagnosing genuine neurasthenia, -shell shock, &c. In this respect, the results were disappointing. Hand to hand deflexions in neurasthenics werecertainly variable and unsteady. In testing for "leaks" with one electrode on the forehead and the other touching various spinal points, the most diverse results were obtained, not only in different patients suffering from neurasthenia, but from the same patient at short intervals.
(2) Effect of Moistutre.-The effect of moisture is certainly great, but it is. possible to over-estimate its importance. Obvious perspiration always greatly F-2a * enhances the deflexions, but when the sweat is removed with a dry, warm towel they came down at once. I made numerous tests to see if the deflexions could be still further reduced. I can readily believe that a hot, dry, inflamed skin gives large deflexions, although I did not make any actual tests with inflamed parts.
(3) Deflexions in Cases of Cut or Damaged Nerves.-I confirmed the experiments of Dr. Nepean Longridge, to the effect that no deflexions are ordinarily obtainable over the skin area supplied by a cut ulnar or median nerve. It would be possible to make a galvanometric diagnosis in the case of a completely severed ulnar or median.' No information is obtained, however, which cannot be got from sensory tests. Still, in cases of suspected malingering in children and mentally defective persons, the method might be useful, being entirely objective. In the case of a sutured and partially recovered nerve the deflexions are present, but less than those of the sound side.
(4) Effect of Contact Cutrrents. -That inducted effects may be readily produced in the unshielded Kelvin astatic galvanometer is well known. The d'Arsonval is, however, shielded, as previously described. I tried many experiments to see if I could detect any difference in the readings while coils and large motors in the next room were turned on and off, but I was never able to see any effect on the galvanometric readings.
(5) Experiments on Fruit and Leaves.-These gave constant results. Stems and roots were always negative, and pulp and other parts positive.
Conclusions.-The effects observed on the galvanometer cannot be explained on the sole grounds of differences in the electrodes and differences in the 'degree of moisture applied to them. Certain readings appear to be characteristic of certain pathological conditions, and may prove of value in diagnosis, and, possibly give the key to successful treatment in some cases. Nothing in my experiments can be regarded as supporting any particular theory as to how the galvanometric effects are produced, nor was any diagnosis reached which could not have been arrived at by other methods. But they sufficed to show that, in common parlance, there is " something in it."
